Abstract. By re-processing the data of the second season of the OGLE survey for planetary transits and adding new mesurements on the same fields gathered in subsequent years with the OGLE telescope, we have identified 23 new transit candidates, recorded as OGLE-TR-178 to OGLE-TR-200. We studied the nature of these objects with the FLAMES/UVES multi-fiber spectrograph on the VLT. One of the candidates, OGLE-TR-182, was confirmed as a transiting gas giant planet on a 4-day orbit. We characterised it with further observations using the FORS1 camera and UVES spectrograph on the VLT. OGLE-TR-182b is a typical "hot Jupiter" with an orbital period of 3.98 days, a mass of 1.01 ±0.15 M Jup and a radius of 1.13 +0.24 −0.08 R Jup . Confirming this transiting planet required a large investment in telescope time with the best instruments available, and we comment on the difficulty of the confirmation process for transiting planets in the OGLE survey. We delienate the zone were confirmation is difficult or impossible, and discuss the implications for the Corot space mission in its quest for transiting telluric planets.
Introduction
Transiting extrasolar planets are essential to our understanding of planetary structure, formation and evolution outside the Solar System. The observation of transits and secondary eclipses gives access to such quantities as a planet's true mass, radius, density, surface temperature and atmospheric spectrum. The first transiting exoplanet was identified in 1999 around HD 209458. In the past three years, transiting exoSend offprint requests to: frederic.pont@obs.unige.ch ⋆ Based on observations made with the FORS1 camera and the FLAMES/UVES spectrograph at the VLT, ESO, Chile (programmes 07.C-0706 and 177.C-0666) and 1.3-m Warsaw Telescope at Las Campanas Observatory, Chile. planet have been found in rapidly increasing number, both by radial velocity planet searches and by photometric surveys 1 . The OGLE search for transiting planets and low-mass stellar companions (Udalski et al., 2002a) has been the first photometric transit survey to yield results. The first three seasons of photometric observations have revealed 137 transit candidates (Udalski et al., 2002a (Udalski et al., ,b,c, 2003 , among which 5 planets were found (Konacki et al., 2003; Bouchy et al., 2004; Pont et al., 2004; Konacki et al., 2004; Bouchy et al., 2005; Konacki et al., 2005) , as well as two planet-sized low-mass stars (Pont et al., 2005b (Pont et al., , 2006a . Three further seasons of the OGLE transit sur-vey have now been completed and await publication (Minniti et al., Udalski et al., in prep.) .
The spectroscopic follow-up of most of the 137 first OGLE transit candidates, presented in Bouchy et al. (2005) and Pont et al. (2005a) , has shown that the vast majority of the transit candidates were eclipsing binaries. A rate of one transiting planet for 10-20 eclipsing binaries is typical. A higher rate of planets can be found among candidates near the detection threshold. Two of the five planets from the OGLE survey, OGLE-TR-56 and OGLE-TR-132, were identified as candidates only after the application of a more sensitive transit detection algorithm (Kovács et al., 2002) . However, lowering the detection threshold comes at the price of including some false positives of the detection procedure. The objective of the present study is to explore the regime near the detection threshold, the zone where the ratio of planets to eclipsing binaries will be more favourable than for deeper transit signals, but where the reality of the signal itself is not beyond doubt. The exploration of this zone is relevant not only to identify new transiting planets in the OGLE survey, but also because other transit surveys will face similar issues, notably the CoRoT and Kepler space-based transit searches.
Candidate selection
The observations described in Udalski et al. (2002b) were pooled with more recent data obtained on the same field with the OGLE telescope. The data consists of 1200-1400 measurements of ∼ 10 5 stars, spread over 3 years, on 1.25 × 1.25 degree fields in the Carina section of the Galactic plane. Pont et al. (2006b) have examined the behaviour of the detection threshold in ground-based photometric transit surveys, with a closer focus on the OGLE survey, and shown how the presence of unaccounted trends and systematics in the photometric data define the detection threshold and can impede the detection of most transiting planets in the sample. Several schemes have been devised to remove trends of unknown origin in transit-search photometric times series, including the "Trend filtering algorithm" of Kovács et al. (2005) , and the "Sysrem" algorithm of Tamuz et al. (2005) . The principle of these algorithm is that the dataset is examined as a whole for systematic effects that affect all lightcurves in a similar manner, modulo different coefficients for each object. The Sysrem algorithm calls the effects "generalized airmasses" and the coefficients "generalised colours". In the same way that an airmass × colour term is fitted to each lightcurve to remove differential refraction effects in photometry, the algorithm finds multiplicative effects (whose origin need not be known) affecting each lightcurve differently.
We applied the "Sysrem" algorithm to the OGLE data, then ran an updated version of the BLS transit-search algoritm Kovács et al. (2002) . We examined the most significant candidates identified, and built a list of 23 candidates for follow-up. We attempted to place the selection threshold low enough so as to reach the level were false positives and real transits are found in comparable numbers.
The relevant characteristics of the 23 candidates are listed in Table 1 . They are named according to the usual convention of the OGLE transit survey. The finding charts and lightcurves are available on the OGLE website.
FLAMES observations and results
Spectroscopic observations of the candidates were obtained during four half-nights with the FLAMES multi-fiber spectrograph in 24-28 February 2006 (ESO 07.C-0706) . One candidate, OGLE-TR-182, turned out to be especially interesting and was followed during the ESO Large programme on OGLE transits . It is considered in more details in Section 4.
The FLAMES spectrograph has been used to detect or characterise the five previous planets from the OGLE survey. The relevant details, as well as the methods to sort out transiting planets from eclipsing binaries and other types of false positives, can be found in Bouchy et al. (2005) and Pont et al. (2005a) .
Since we had very poor weather throughout our VLT run, we resorted to a "fast track" approach of dropping candidates as soon as it was clear that they were not detectable planets, before their actual nature was solved. After one spectroscopic measurement, candidates with broadened spectral lines, shallow lines or double-lined spectra were dismissed (probable eclipsing binaries or blends). After two spectra, candidates varying by more than a few km s −1 were also dismissed. Therefore, unlike for previous seasons, we did not resolve the nature of the non-planetary candidates. In particular, we did not determine the ratio of eclipsing binaries to pure false positives in our sample.
Nine candidates were not observed. Three because they were fainter than I = 16.5. Prohibitive observing time is needed to confirm a planet at such magnitudes. Six because they were situated at isolated locations on the sky, requiring a FLAMES setup to observe only one object, and they were not among the highest-priority candidates.
Of the fourteen remaining candidates, only one candidate survived the initial screening. It was monitored in 2006 and 2007, with FLAMES in radial velocity, in photometry with the FORS camera, and in spectroscopy with UVES in slit mode (see Section 4). The status of the other candidates after the spectroscopic follow-up is given in Table 2 .
Analysis of OGLE-TR-182
The planetary transit candidate OGLE-TR-182 is an I = 15.86 magnitude star in Carina. Its coordinates are given in Table 1 and a finding chart is shown on Fig. 1. 
Photometric observations
The preliminary photometric ephemeris of OGLE-TR-182 was based on a series of transits observed during the original OGLE run carried out in the 2002 observing season. Because the orbital period is very close to an integer number of days, transits observed from a given geographical location occur in observing windows separated by long gaps when only non-transit phases are available for observations. No trace of additional transits (2002) transit detection algorithm -the signal-to-noise ratio of the transit detection. N tr is the number of transits covered by the photometric measurements, and n tr the number of data points in the transit. were found in the OGLE data from the remaining observing seasons.
To refine the ephemeris and confirm that the candidate transit signal from 2002 was not a false positive, an extensive hunt for additional transits was carried out by OGLE in the 2007 observing season. Although the transit signal was not caught again, the collected photometry together with spectroscopic timing allowed to strictly constrain the possible transit occurrence. The VLT photometric time allocated in May and June 2007 to our project was used to catch the new series of transits of OGLE-TR-182 and derive a much more precise transit shape. With five years of baseline, the derived photometric ephemeris is now very secure.
Complete coverage of the transit of OGLE-TR-182 was obtained with the FORS camera on the VLT, in the nights of May 22, June 6 and June 18, 2007. The observation strategy was identical to that used for OGLE-TR-10 and OGLE-TR-56 in Pont et al. (2007) . The time series are shown in the middle and bottom panels of Figure 2 . Exposure were taken every minute and the typical photon noise is 2 mmag. The reduction was carried out with the OGLE pipeline. The data are available on request to the authors.
Radial-velocity observations
The target OGLE-TR-182 was observed 20 times with FLAMES/UVES. The resuling radial velocity measurements are given in Table 3 . A periodic variation is found in radial velocity of OGLE-TR-182 with a period (P≃ 3.979 days) and phasing compatible with the photometric signal. Because of the period very close to 4 days, measurements had to be spread over two seasons to cover a sufficient part of the phase.
From an analysis of the FLAMES measurements over all the objects followed during our runs, we find that systematics zero-point shifts with r.m.s. 40-60 m s −1 need to be added in quadrature to the photon-noise radial velocity uncertainties to account for the observed residuals. This is higher than in our 2004 previous run Bouchy et al. (2004) . We attribute this to the very poor weather conditions in most of our runs and to the fact Table 3 . Radial velocity measurements for OGLE-TR-182. that the data acquisition was spread over different runs separated by several months, with some possible contribution from stellar activity. The evolution of the spectral lines shape was examined to rule out blend scenarios. No line bisector variation correlated with radial velocity or orbital phase was observed.
Spectroscopic observations
OGLE-TR-182 was observed for a total of 7 hours in service operation in the summer of 2007 with UVES in slit mode, in order to acquire a high signal-to-noise spectrum for the determination of atmospheric parameters (total S/N ∼ 90). The UVES spectra are not suitable for precise radial velocity measurements, because in slit mode centering offsets on the sky translate to large velocity zero-point changes. The reduction strategy and data analysis were identical to that in Santos et al. (2006) . The resulting temperature, metallicity and gravity are given in Table 4 .
Transit analysis
A transiting planet signal was fitted to the photometry and radial velocity, asssuming a null orbital eccentricity. No sign of non-zero eccentricity is observed in the radial velocity data or in the timing of the transits compared to the radial velocity orbit. Since nearly all short-period planets have been circularized by tidal interactions, it is justified to assume a circular orbit unless there are clear indications of the contrary. We used the Mandel & Agol (2002) description of transit profiles with the Claret (2000) limb-darkening coefficients. We determined the uncertainties accounting for the photometric red noise as prescribed in Pont et al. (2006b) . Since no complete transit with a sufficient out-of-transit baseline was observed, we derived the estimates of the stellar mass and radius solely from the comparison of the spectroscopic parameters with Girardi et al. (2002) stellar evolution models by maximum-likelihood. The resulting parameters for the system are given in Table 4 . Period [days] 3.97910 ± 0.00001 Transit epoch [JD] 2454270. 
Discussion

OGLE-TR-182b as a transiting planet
The companion of OGLE-TR-182 has parameters typical of the planets detected by photometric transit surveys in all respects: it orbits a high-metallicity dwarf star, it has a mass comparable to that of Jupiter and a slightly larger size. Its period is close to an integer number of days, reflecting the strong selection bias due to the window function (see e.g. Pont et al., 2004 , about OGLE-TR-111b, another P ∼ 4 days transiting planet). At present, the constraint on the planetary radius is not sufficient to determine whether its radius corresponds to model expectations or whether is belongs to the set of anomalously large transiting hot Jupiters. Its position in the mass-period diagram is also similar to other known transiting planets, and reinforces the link between mass and period for close-in gas giants first pointed out by Mazeh et al. (2005) .
The "Twilight Zone" of transit surveys
The confirmation follow-up process for OGLE-TR-182 necessitated more than ten hours of FLAMES/VLT time for the radial velocity orbit, plus a comparable amount of FORS/VLT time for the transit lightcurve. In addition, several unsuccessful attempts were made to recover the transit timing in 2007 with the OGLE telescope, and 7 hours of UVES/VLT were devoted to measuring the spectroscopic parameters of the primary. This represents a very large amount of observational resources, and can be considered near the upper limit of what can be reasonably invested to identify a transiting planet. Therefore, OGLE-TR-182 is a useful object to quantify the zone were neither the photometric signal nor the radial velocity signal are clear beyond doubt, the "twilight zone" of planetary transit candidate confirmation. In these cases, confirming the nature of the system is very difficult and time consuming. When the photometric signal is a possible false positive, a clear radial velocity orbit at the same period is an essential confirmationas was for instance the case for OGLE-TR-132 . On the other hand, when the radial velocity signal is marginal, a clear transit signal allows the phase and period of the orbit to be determined with confidence, reducing the radialvelocity orbit fit to a two-parameter problem (V 0 , the systemic velocity, and K, the orbital semi-amplitude) -as was the case for OGLE-TR-10 (Bouchy et al., 2005; Konacki et al., 2005) .
However, when both the photometric and spectroscopic signals are marginal, many more observations are necessary until reasonable certainty can be achieved about the presence of a planetary companion. The uncertainties on the lightcurve make it difficult to phase the radial velocity data. The high radial velocity uncertainties hinder the identification of an orbital motion with the correct period, and the elimination of eclipsing binary blend scenarios
The OGLE survey is the first to explore this "twilight zone" in real conditions, since other ground-based surveys target brighter stars, for which very precise radial velocities can be obtained, so that the significance of the radial velocity signal can be established relatively easily (e.g. Cameron et al., 2007) . Based on the cases of OGLE-TR-10, OGLE-TR-132 and OGLE-TR-182, and on the discussion in Pont et al. (2006b) , we define the limits of the follow-up twilight zone as follows: -photometric transit detection with 8 < S r < 12, where S r is the transit significance in the presence of red noise (see definition in Pont et al., 2006b ) -radial velocity orbital semi-amplitude 1-2 times the radial velocity uncertainties for 1-hour exposures with the facilities available: σ vr < K < 2 · σ vr These limits can be translated, for a circular orbit and a central transit, into limits on the radius and mass of the planet. Figure 4 shows the "observational" mass-radius diagram for the known transiting exoplanets. The horizontal axis is the planet mass divided by M 2/3 * P 1/3 , to make it proportional to the observed radial velocity semi-amplitude ("K"). The vertical axis Fig. 4 . "Observational" mass-radius plot for known transiting exoplanets. The horizontal axis is the planet mass, scaled to M 2/3 P 1/3 , proportional to the radial-velocity semi-amplitude K. The vertical axis is the planet radius scaled to the host star radius, related to the depth of the photometric transit signal. "TR-" labels refer to OGLE candidates (closed symbols). Open symbols mark the position of other known transiting planets. The star symbol marks the best-fit location of another unsolved planet candidate from the third OGLE season. The gray bands show the near-threshold zones for the photometric detection (horizontal) and the spectroscopic confirmation (vertical) in the case of the OGLE survey. The dashed area is the "twilight zone" defined in the text, where confirmation is problematic.
is the planet radius divided by the radius of the star, to make it proportional to the squareroot of the transit depth (at wavelengths where stellar limb darkening can be neglected). The units are such that a Jupiter-sized planet transiting a solar-sized star on a 4-day orbit will be placed at (1;1). Objects at similar positions in this plot will present similar challenges for confirmation. The "TR-" labels refer to OGLE candidates, the other unmarked points are transiting planets from other surveys. The gray horizontal band is the zone where the transit detection is near the detection threshold, the vertical band is the zone where the radial velocity orbital signal is near the threshold. The intersection of the two, delimited by the dashed lines, represents the "twilight zone" for the OGLE survey. We use a red noise level of σ r = 3 mmag (Pont et al., 2006b ), a radial velocity uncertainty of 60-70 m/s (photon noise plus systematics), and assume that 5-10 transits are observed by the photometry. We find 0.85 < R pl /R * < 1.20 and 0.45 < M pl /M * −2/3 P −1/3 < 1.05 [M J M ⊙ −2/3 (4 days) −1/3 ] for the zone boundaries. Candidates in this zone will be very difficult or impossible to confirm. On the left of the zone, radial velocity confirmation is out of reach, and below, the transit signal is below the photometric detection threshold.
The twilight zone for the OGLE transit survey encompasses the region in the mass-radius diagram corresponding to a normal hot Jupiter around a solar-type star. Hence the difficulty of the OGLE survey to detect transiting gas giants unless they are exceptionally heavy with a very short period like OGLE-TR-56, OGLE-TR-113 and OGLE-TR-132, or have an exceptionally high radius ratio like OGLE-TR-111.
The planetary transit system OGLE-TR-10 is also located within the zone, and indeed confirmation of its planetary nature required large investments in follow-up means both with the VLT (Bouchy et al., 2005) and Keck (Konacki et al., 2005) 8-10 meter telescopes.
As a further illustration of the extent of the zone, the plot shows the position of another candidate from the OGLE survey, yet unsolved despite extensive measurements with FLAMES and FORS. The radial velocity data is compatible with a planetary orbit, but many more observations would be required to confirm it securely. The best-fit planetary solution for this object is plotted on Fig. 4 .
In the wider context of transit searches in general, it is interesting to find where the "twilight zone" is located for different surveys, especially the space-based transit searches CoRoT and Kepler. For wide-field, small-camera surveys like HAT, WASP, XO and TrES, the twilight zone is not an important issue. Because the candidates are brighter, standard planet-search spectrographs can be used for the radial velocity follow-up, and the zone moves to the left of the mass-radius diagram, in a region were no planets are expected (low-mass, Jupiter-sized planets). In other words, if a planet is large enough to be detected by these surveys, it produces a radial velocity signal that is easily picked up by Doppler spectrographs.
Deeper surveys like SWEEPS (Sahu et al., 2006) and planet searches in star clusters also have no twilight zone problem, for the opposite reason: their candidates are too faint to be confirmed in radial velocity for Jupiter-like planetary masses.
In the case of the CoRoT space transit search, the zone will be located in a key position. In planet radius, it is expected to cover the 2-4 R ⊕ range (see Moutou et al., 2005) for the brightest targets. In planet mass, using the HARPS spectrograph, it will be in the 5-20 M ⊕ range, for short periods. This is a zone were planets are thought to be numerous, the domain of the "hot Neptunes" and "super-Earths". Indeed, the detection of this type of planets constitutes the main objective of the CoRoT planetary transit search. From our experience with the OGLE follow-up, we therefore conclude that the CoRoT mission will face similarly difficult cases in the confirmation process of transiting planets. The telescope time necessary for the follow-up of these candidates should be adequately evaluated. The OGLE follow-up process can provide some useful guidelines.
